of two wild spinach species (Spinacia tetrandra and S. turkestanica) and one cultivated spinach species (S. oleracea) were downloaded from the Sequence Read Archive of the National Center for Biotechnology Information (NCBI) [5] . Their accession numbers were as follows: SRR1766329, SRR1766330, and SRR1766331 (S. tetrandra); SRR1766332, SRR1766333, and SRR1766334 (S. turkestanica); and SRR1766310, SRR1766311, and SRR1766312 (S. oleracea). Each of these transcriptome data was separately assembled into contigs using the SPAdes Genome Assembler (ver. 3.7.1) [6] .
The complete genome sequences of RNA viruses were downloaded from the NCBI Nucleotide database and converted to a BLAST-searchable database. BLASTN search was performed to identify potential viral RNA sequences in the assembled spinach transcriptome contigs [7] . The E value cut-off for the match was set at 1e-5. Some of the contigs were identified to be virus-related sequences. Contigs assembled from the two spinach transcriptome datasets, namely, SRR1766311 from S. oleracea and SRR1766329 from S. tetrandra, showed sequence similarity to full-length cryptic virus genome sequences, and were chosen for further in-depth analysis.
From each transcriptome dataset (SRR1766311 and SRR1766329), two sequence contigs were deduced: one showed sequence similarity to the cryptic virus dsRNA1 sequences, and the other to dsRNA2 sequences. Therefore, these contigs were considered to be genomes of putative cryptic viruses, which were designated as SpCV1. To examine potential heterogeneity in the assembled genome sequences, SpCV1-associated RNA-Seq reads were mapped back to the corresponding contigs using BWA, and sequence variations were called using SAMtools and BCFtools [8, 9] . There was no sequence variation in the four sequence contigs, suggesting that each assembled genomic segment was derived from clones propagated from one or a few viruses with the same sequence. The SpCV1 genome sequences were deposited in the NCBI Nucleotide database under the accession numbers KX784754 (dsRNA1 from SRR1766311), KX784755 (dsRNA2 from SRR1766311), KX784756 (dsRNA1 from SRR1766329), and KX784757 (dsRNA2 from SRR1766329).
The SpCV1 dsRNA1 sequences were 1,966 and 1,961 bp long and encoded a 616-amino-acid-long RdRp (Fig. S1) . The dsRNA2 sequences were 1,762 and 1,753 bp long and encoded a 488-amino-acid-long CP. The two dsRNA1 sequences showed only six nucleotide sequence mismatches, but encoded identical RdRp proteins. The two dsRNA2 sequences showed 13 nucleotide mismatches and encoded CPs with only one difference in the amino acid sequence. Therefore, these two viruses seemed to have very recently descended from a common ancestor. Because the two viral genome sequences were almost identical, subsequent analysis was performed using the SpCV1 genome sequence derived from SRR1766329. The SpCV1 RdRp encoded by dsRNA1 showed up to 81% amino acid sequence identity to several plant-infecting cryptic viruses, including carrot cryptic virus (CaCV), beet cryptic virus 1 (BCV1), dill cryptic virus 1 (DCV1), red clover cryptic virus 1 (RcCV1), white clover cryptic virus 1 (WcCV1), Vicia cryptic virus (VCV), and Diuris pedunculata cryptic virus (DCV) ( Table 1) . It also showed 52-62% identity with fungus-infecting partitiviruses, including Heterobasidion partitivirus 5 (HetPV5), Rhizoctonia fumigata partitivirus (RfPV), Amasya cherry disease-associated mycovirus (ACDMV), cherry chlorotic rusty spot-associated partitivirus (CCRSPV), Heterobasidion partitivirus 9 (HetPV9), Heterobasidion partitivirus 1 (HetPV1), and Heterobasidion partitivirus 17 (HetPV17). These viruses belong to the genus Alphapartitivirus of the family Partitiviridae, indicating that SpCV1 is a new member of Alphapartitivirus [1] .
Multiple sequence alignment of RdRp sequences of SpCV1 and related Alphapartitivirus species generated using the MUSCLE program (ver. 3.8.31) revealed highly conserved positions (Fig. S2) [10] . Phylogenetic analysis was performed using the neighbor-joining method implemented in MEGA7 [11] . The phylogenetic tree thus generated confirmed our idea that SpCV1 is a new member of the genus Alphapartitivirus (Fig. 1A) . SpCV1 formed a strong clade with six other cryptic viruses, including CaCV, DCV, BCV1, VCV, WcCV1, and RcCV1. These seven cryptic viruses were isolated from flowering plants: SpCV1 from spinach; CaCV from carrot; DCV from dill; BCV1 from beet; VCV from a Vicia species; WcCV1 from white clover; and RcCV1 from red clover. The plants associated with these seven cryptic viruses can be classified into three distantly related plant orders of eudicots: Caryophyllales (spinach and beet), Apiales (carrot and dill), and Fabales (Vicia, white clover, and red clover). Interestingly, BCV1 that infects beet is not a sister taxon of SpCV1, which is found in spinach. Instead, BCV1 forms a subclade with CaCV1 and DCV1, which were isolated from carrot and dill, respectively. The discordant phylogenetic relationship between viruses and their hosts, along with a wide diversity of host plants, suggests that these cryptic viruses might have been laterally transmitted by pathogenic fungal vectors, instead of supporting the notion that viruses and hosts have co-evolved [12] .
The SpCV1 CP encoded by dsRNA2 also showed higher sequence identity to that of plant-infecting cryptic viruses than to that of mycoviruses ( Table 1 ). The sequence identity of SpCV1 CP to that of CaCV, BCV1, DCV1, RcCV1, The phylogenetic relationship among viruses was generated using the neighbor-joining method implemented in MEGA7. Bootstrap percentages are shown at the nodes supported in a minimum of 50% of 1,000 replicates. Viruses that were isolated from plants and fungi are marked by a closed circle (•) and an open circle (○), respectively. See Table 1 for the full names of viruses and accession numbers.
WcCV1, and VCV ranged from 54% to 60%, whereas mycovirus CPs showed 24-27% sequence identity. Multiple sequence alignment of CPs revealed conserved residues among related Alphapartitivirus species (Fig. S3) . However, the overall conservation level of CP was lower than that of RdRp.
Phylogenetic analysis of CPs also supported a strong clade of the seven cryptic viruses that were isolated from plants (Fig. 1B) . Interestingly, CPs revealed a different topology to that of RdRp proteins. For example, the tree generated using CPs placed BCV1 as a sister taxon of SpCV1, instead of CaCV1 and DCV1. This discrepancy between RdRp and CP can be attributed to their different evolutionary rates across viruses. Another possible explanation is the mechanism of reassortment by which two different viruses exchange their genomic segments during co-infection [13] .
The 5'-untranslated regions of SpCV1 dsRNA1 and dsRNA2 exhibit a strong sequence similarity to each other, although they encoded completely different proteins (Fig. S4) . The sequences are also conserved in closely related cryptic viruses, including CaCV, BCV1, DCV1, WcCV1, and VCV. These terminal sequence domains might be important for recognition by the viral RdRp during viral RNA replication and/or may act as a packaging signal during assembly [14, 15] .
In conclusion, the genomic sequence of SpCV1 has been identified from spinach transcriptome datasets. The sequence identity of SpCV1 RdRp and CP to the closest cryptic virus is 81% and 60%, respectively, which indicates that SpCV1 is a distinct cryptic virus. Phylogenetic analysis confirmed that SpCV1 is a new member of the genus Alphapartitivirus (family Partitiviridae).
